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(54) Turbine airfoil with single aft flowing three pass serpentine cooling circuit 



(57) A gas turbine engine hollow airfoil (12) includes 
an airfoil outer wail (1 5) having width wise spaced apart 
pressure and suction side wails (16,18) Joined together 
at chordaJJy spaced apart leading and trailing edges 
(20,22) of the alrfoB (12) and extending radlaiV outward 
from a base to a tip. The atrtofJ (12) Includes a single 
three pass aft flowing serpentine coo ling circuit (SS) and 
a straight through leading edge cooling channel (70) ex- 
tending radially through the airfoil (12) and bounded in 
part by the leading edge (20). The exemplary embodi- 
ment Includes a trailing edge cooling plenum (72) and 
a straight through single pass trailing edge feed channel 
(49) for providing cooling air to the trailing edge cocflng 
plenum (72), 
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Description 

[0001] The present Invention relates generally to cool- 
ing air circuits of turbine rotor blades and stator vanes 
in gas tu/blne engines and, mora specifically, to multiple 5 
pass serpentine cooling circuits within airfoils of the 
blades and 

[0002] A gas turbine engine includes a compressor 
that compressed air which is channeled to a combustor 
wherein ft Is mixed with fuel and ignited for generating to 
combustion gases. The combustion gases flow down- 
stream through ono or more stages of turbines which 
extract energy therefrom for powering the compressor 
and producing additional output power for driving a fan 
for powering an aircraft in flight for example. A turbine 15 
stage includes a row of turbine rotor blades secured to 
the outer perimeter of a rotor disk with a stationary tur- 
bine nozzle having a plurality of stator vanes disposed 
upstream therefrom. The combustion gases flow be- 
tween the stator vanes and between the turbine blades 20 
for extracting energy to rotate the rotor disk. The tem- 
peratures within gas turbines may exceed 2500 degrees 
Fahrenheit and cooling of turbine bladee id very Impor- 
tant in terms of blade longevity. Without cooling, turbine 
blades would rapidly deteriorate. Improved cooling for 25 
turbine blades ts very desirable and much effort has 
been devoted by those skilled in the blade cooling arts 
to devise improved geometries for the internal cavities 
withfn turbine blades in order to enhance cooling. Since 
the combustion gases are hot, the turbine vanea and so 
blades are typically cooled with a portion of compressor 
air bled from the compressor for this purpose. Diverting 
any portion Of the compressor air from use in the com- 
bustor necessarily decreases the overall efficiency of 
the engine. Accordingly, it is desired to cool the vanes 33 
and blades with as little compressor bleed aires poser* 
ble. 

[0003] Typical turbine vanes and blades Include an 
airfoil over which the combustion gases flow. The airfoQ 
typically Includes one or more serpentine cooling pas- 40 
sages therein through which the compressor bleed air 
Is channeled for cooling the airfoil. The airfoil may In- 
clude various turbulatois therein for enhancing cooling 
effectiveness and the cooling air is discharged from the 
passages through various film cooling holes disposed 45 
around the outersurface of the airfoil. In pursuit of higher 
cooling effectiveness, modem blades have led to multi- 
pass cooing circuits wfth many cavities such as 5 pass- 
es and 5 cavities. A drawback to having more cavities 
is that more ribs are required which result in more so 
weight Al some combinations of scale and rotational 
speed, the heavier blade designs result in heavy rotor 
disks which are difficult to design for long life. Also, the 
use of a multi-pass serpentine requires extra coolant 
supply pressure, if the roqu irod coolant supply pressure 55 
can be reduced, then cooler air from an earlier compres- 
sor stags can be used. This benefits cycle performance 
since less work is put into the coolant 



[0004] Known turbine airfoil cooling techniques In- 
clude the use of Internal cavities forming a serpentine 
coofing circuit Particularly, serpentine passages, lead* 
fng edge impingement bridges, film holes, pin fins, and 
trailing edge holes or pressure side Need slots are uti- 
lized for blade cooling, ft would be desirable to provide 
improved blade cooling. In providing even better blade 
cooling, it also would be desirable to avoid significantly 
increasing the bfade fabrication costs. 
[0005] in one embodiment of the invention, there is 
provided a gas turbine engine hollow airfoil with an airf on 
outer wall having transversely spaced apart pressure 
and suction side walls joined together at chordally 
spaced apart leading anrttrailrng edges of the airfoil and 
extending radially from a base to a tip. inside the airfoil 
is a plurality of radially extending internal ribs extending 
width wise between the pressure and suction side walls 
and a single Internal aft flowing three pass serpentine 
cooling circuit having radially extending first, second, 
and third serpentine channels between, In axlaliy aft 
succession, first, second, third, and fourth ribs of the ra- 
dially extending Internal rfbe. The serpentine cooling cir- 
cuit has terminal end that is positioned aft of the en- 
trance so as to have a chorda! flow direction aftward 
from the leading edge to the traifing edge with in the ser- 
pentine circuit. A straight through leading edge feed 
channel extends radially through the airfoil and bounded 
In pert by the leading edge. The exemplary embodiment 
includes a trailing edge cooling plenum and a straight 
through single pass trailing edge feed channel for pro- 
viding cooling air to the trailing edge cooling plenum. 
The airfoil is on a turbine blade in the exemplary embod- 
iment of the invention illustrated herein. 
[0005] The present invention provides advantages 
that include a good cooling of a hollow gas turbine airfoil 
using less cooling air than would otherwise be neces- 
sary while still providing sufficient cooling for the airfoil 
tip and acceptable airfoil tip metal temperatures. The 
cooling air In the mid-circutt can be tailored for the pres- 
sure side wall heat load, thus, allowing cooler tempera- 
tures at the tip of the last up-paSS and better tip cooling. 
The downstreamwise serpentine circuit design of the 
present invention provides the coldest cooling air in the 
hottest areas of the blade. The cooling air temperatures 
are colder than the cooling air temperatures In the same 
channels and chambers In conventional upstrearnwtse 
serpentine circuit designs. The c&wnstreamwise ser- 
pentine circuit will have a colder average spanwiee nb 
wall temperature than that of an upstrearmvse serpen- 
tine circuit and, therefore, have an overall better cooling 
air temperature distribution in the cnordwtse direction 
and a better bulk temperature of the airfoil for bettor . 
cooling of the entire airf off. 

[0007] The leading edge is cooled by colder fresher 
cooling air than in those in the prior art reducing or el Im- 
inatingthe amount of flm cooling required In this region 
and the straight through single pass channel used to 
cool the leading edge reduces pressure losses assocJ- 
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ated wfth Impingement reading edge cooling chambers, 
la addition, the film cooling holes closer to the trailing 
edge can have shallower flow angles from surface than 
those closer to the leading edge resulting in a better film 
cooling effectiveness. The external gas flow velocity 
closer to the trailing edge accelerates to a higher speed 
than a! portions along the airfoil side walls closer to the 
leading edge. Therefore, the airfoil cooling can be better 
tailored tor conductive and corrective cooling of por- 
tions of the sides of the outer wall closer to the leading 
edge andfflm cooling holes may be used for portions of 
the skies closer to the trailing edge where they will have 
smaller and, therefore, better blowing ratios and result 
in a betterf ilm cooling effectiveness and overall cooling 
efficiency, 

10008] Other advantages Include ^creased coolant 
side heat transferee-efficient and improved meteringca- 
pablllty for external film flow. The improved cooling also 
provides for cooler air to be discharged through the tip 
cooling notes providing Improved cooling for the squeal- 
er tip, 

[0009] Generally, design requirements for airfoils at 
the lower spans are driven by concerns for rupture at 
high stress levels at reduced metaf temperature and at 
the upper regions by concerns over elevated surface 
temperature to avoid oxidation and fatigue crack Initia- 
tion. The downstream flowing serpentine flow channels 
of the present invention addresses these needs along 
with the ability to better optimize internal airfoil cooling 
flow and blade life. 

[0010] The coding circuit configuration of the present 
invention allows the use of a lower coolant supply pres- 
sure. The three pass serpentine is also less vulnerable 
to variations in pressure drops from cast features than 
tha drctjfts having more channels and passes. Dedicat- 
ed circuits or channels for leading edge and trailing edge 
cooling provide better Internal cooling at the edges 
where the external hear load Is highest The straight 
through separate leading edge channel helps the blade 
be tolerant of holes from foreign object damage. The im- 
pingement cavity at the trailing edge allows good sup- 
port of the aftmost cavity core during the casting proc- 
ess. This cavity tends to be thin where the airfoil shape 
is tapering toward the trailing edge. 
[0011] The present invention is capable of providing 
good cooling of the hollow gas turbine airfoil using less 
cooling air than would otherwise be necessary while 
providing an even distribution of temperatures for re- 
duced thermal stresses. The aft flowing serpentine cool- 
ing circuit provided convective cooling in the region 
where the leading edge circuit can provide film cover- 
age. The last pass of the serpentine then feeds film 
holes to cover the region where the trailing edge circuit 
provides convection. By allowing the film to exit at the 
aftmost part of the serpentine, the invention Improves 
the film cooling benefit at the trailing edge where con- 
vection cooling is difficult. 

[0012] The invention will now be described in greater 
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detail, by way of example, with reference to the draw- 
ings, In which:- 

FIG. 1 is a perspective view of a gas turbine engine 
turbine rotor blade which incorporates the airfoil of 
the invention. 

FIG. 2 is a sectional schematic illustration of an air- 
foil mid-span cross-sectidn through line 2-2 of the 
airfoil in FIG, 1. 

FIG, 3 is a sectional Illustration of an exemplary gas 
turbine engine airfoil laid out flat along a mid-line 
through a downstream flowing serpentine cooling 
circuit therein. 
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poi3] Illustrated In FIG. 1 Is ail exemplary turbine 
blade 1 0 for a gas turbine engine designed to be oper- 
ated in a hot gas stream that flows in an axial flow down- 
stream direction F. The blade 10 includes a hollow airfoil 
12 extending radiafly outwardly from a root 14. The root 
14 is used to secure the blade 10 to a rotor disk (not 
shown) of the engine which Is circumscribed about an 
engine eemertlne 11. Ae further illustrated in a cross- 
section of the airfoil 12 in FJG. 2, the airfoil 12 includes 
an outer wall 1 5 width wise or transversely spaced apart 
pressu re and suction side wafls 1 8 and 1 8, respectively, 
joined together along an upstream leading edge 20 and 
a downstream trailing edge 22 which Is spaced chordally 
apart from the leading edge. The airfoil 12 extends ra- 
dially In a radial direction 24 away from the engine con- 
terllnelt fhaspanwise Direction oftheairfofl 12 from a 
radially inner base 26 to a rarfatry outer airfoil tip 28 
along a span S of the airfoil. 
(D014J The airfoil tip 28 is illustrated as a squealer tip 
having an outward extension from the outer wall 15 or 
a squealer wall 29 extending radially outward from and 
peripherally around an outer tfc wall 31 forming a 
squealer tip cavity 33 therein. Tip cooling holes 59 ex- 
tending through the outer tip wall 31 from within the hol- 
low airfoil 12 to the squealer up cavity 33 are used to 
cool the tip cavity. The inner base 26 is defined at a con- 
ventional platform 30 which forms the inner flow bound- 
ary of the blade 10 and below which extends the root 
14. During operation of the blade 10, combustion gases 
32 are generated by a combustor (not shown) and flow 
downstream over both airfoil pressure and suction side 
walls 1 6 and 18, respectively, of the outer wail 15. 
[001 5] Tha exemplary embodiment of the present in- 
vention illustrated herein Is designed to effect at cooling 
air efficient preferential chordwlse and radial or span- 
wise cooling of the airfoil 12 to better match the Distri- 
bution of the heat load thereto from the combustion gas- 
es 32. The gas turbine blade 10 Illustrated in FIGS, 1-4 
Is exemplary and the invention applies equally as well 
to turbine stator vanes having similar airfoils which may 
be similarly cooled. 

[0016] More specificaJry referring to FIG. 2, the pres- 
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sure and suction side walls 16 and 18, respectively, are 
spaced clreumferentlaJIy or laterally apart from each oth- 
er between the leading and trailing edges 20 and 22. 
and ere integrally joined together by a plurality of Internal 
transverse ribs indicated generally at 34 which extend 5 
between the pressure and suction side wails 1 6 and 1 8, 
respectively. First, second, third, and fourth ribs 1-4, re- 
spectively, of the transverse ribs 34 define a single aft 
flowing three pass serpentine cooling circuit 36 as Illus- 
trated m FK3. 3. FIG. 3 illustrates the airfoil 12 bid out W 
fiat along a cooling circuit split-line 38 in FIG. 2 that 
passes through the downstream or aft flowing serpen- 
tine cooling circuit 36. The serpentine cooDng circuit 38 
is constructed so as to use cooling air flow 45 delivered 
at the root 14 and direct a serpentine cooling flow 35 
within the cooling circuit 38 to flow in a chorda) flow di- 
rection 43 aftwards from the leading edge 20 to the trail- 
ing edge 22 within the cooling circuit 38. The cooflng 
circuit 36 indudas an entrance 37 positioned forward of 
a terminal end 39 to cause the serpentine cooling flow 
35 to flow In the chordal flow direction 43 aftwards from 
the leading edge 20 to the trailing edge 22. This is to 
better match the applied heat loaoa from tho combustion 
gases 32 and to more effectively tailor the serpentine 
cooJing flows 35 to the heat loading of the airfoil 1 2 and 
more effectively cool the airfoil. 
fl)01 7] The serpentine cooling circuit 36 is referred to 
as a three pass circuit because it has three radially ex- 
tending serpentine channels denoted as first, second, 
and third serpentine cooling channels 40, 41 , and 42. &> 
The first second, and third cooilng channels 40, 41 , and 
42 separated by the chordally spaced apart interna] ribs 
34 denoted as the first through fourth ribs 1-4, respec- 
tively, in FIG. 3 and bounded on their transverse sides 
47 by the pressure side and suction wails 16 and 18. 35 
The serpentine cooling circuit 36 is disposed near the 
mid-chord region M (also shown generally in FIG. 1) of 
the airfoil 12 between the leading edge 20 and the trail- 
ing edge 22 since experience has shown that the high- 
est heat input h the airfoil 12 is in the mid-chord region *o 
near the airfoil tip 28 and on the pressure side wafl 16 
for example. 

[0018] The first channel 40 of the serpentine cooling 
- circuit 36 extends. radially througn the base 26 and the 
root 1 4 to radially upwardly to a radiafry outer first turning <s 
channel 5a The first turning channel 50 turns the cook- 
ing air radially inwardly Into the second cooling channel 
41 which directs cooling air radially inward to a radially 
inner second turning channel 52 which In turn directs 
the cooling air radially upwardly Into the last or the thl rd so 
cooling channel 42. The third cooling channel 42 and 
the serpentine cooling circuit 36 terminate at the outer 
tip wail 31 where one or more of the tip cooling holes 59 
may be used to vent the serpentine cooling circuit 3a 
The airfoil squealer tip is cooled by the tip cooling hole 55 
59 in the outer tip wall 31 . The placement of the tip cool- 
ing holes 59 in radialy outer ends of one or more of the 
first, second, and/or third cooling channels 40, 41 , and 



42 permits better control and metering of cooling air to 
the squealer type airfoil tip 28. 
[0019] A straight through single pass leading edge 
cooling channel 70 is located between a forward one of 
the internal transverse ribs 34, the first rib 1 , and the 
leading edge 20 and the outer wall 15. The cooling air 
flow 45, delivered at the root 14, Is flowed through the 
leading edge cooling channel 70 and provides cooling 
of the leading edge 20 and the outer wall 15 around bor- 
dering the leading edge cooling. The cooling airflow 45 
that is flowed through the leading edge cooling channel 
70 and is exhausted from the channel through the tip 
cooling holes 59 extending through the outer tip wail 31 
and leading edge gUI holes 44 that extend out from the 
► leading edge cooling channel through the pressure side 
wall 16 of the outer wall 15. The leading edge 20 is 
cooled by convection. 

[0020] A straight through single pass trailing edge 
feed channel 49 b located between an aftwardmost one 
' of the internal transverse ribs 34 denoted as span rib 75 
and the fourth rib 4. A trailing edge cooling plenum 72 
is located between an aftwardmost one of the internal 
transverse ribs 34, denoted as an aftwardmost fipan rib 
75, and the trailing edge 22 of the outer wall 15. Cooling 
air impingement or discharge apertures 74 in the aft- 
wardmost span rib 75 feed cooling air from the trailing 
edgefeed channel 49 to the trailing edge cooing plenum 
72 from wh ere it is flowed through film cooling holes 48 
near the trailing edge 22 along the pressure side wall 
16 of the outer wall 15 and through the tip cooling hole 
59 In the outer tip wail 31 . In the exemplary embodiment 
illustrated herein, the cooling air discharge apertures 74 
are designed to provide impingement cooling of the trail- 
ing edge 22. These two arrangements are used to cool 
the leading and trailing edges 20 and 22, respectively. 
The leading edge cooling channel 70 and the trailing 
edge feed channel 49 extend radially through the base 
26 and the root 14. 

[0021] illustrated in FIG. 3 to a cross-section of the 
exemplary airfoil illustrated herein. Only the last one of 
the serpentine cooling channels, the third serpentine 
cooling channel 42, has ftm cooflng holes 48. The film 
cooling holes 48 are disposed through the outer wall 15 
and only along the pressure side wains of tne outer 
wait 15 from and third serpentine coofing channel 42. . 
The film cooling holes 48 are compound angled down- 
stream and radially outward wfth respect to the engine 
csnteriine 11 and leading out from the third serpentine 
cooling channel 42 and the cooling plenum 72 through 
the outer wall 15. Other embodiments may include film 
cooling holes along both the pressure and suction side 
walls 16 and 18. respectively, of the outer waU 15. 
[0022] The invention provides efficient cooling of the 
turbine blade wfth a minimum number of turning chan- 
nels and small holes used for impingement cooling both 
of which cause resistance to airflow and therefore re- 
quire higher pressure cooling air to be used. They also 
cause higher flow losses for which is also costly in terms 
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Of cooling air and fuel consumption. Flowing the serpen- 
tine cooling flow 35 in aft or a downstream direction rel- 
atively very cool cooling air in the serpentine cooling cir- 
cuit 36 may be used along the more upstream and hotter 
portions of the pressure side wafl 1 6, thus, maximizing s 
cooling efficiency of the airfoil. This in turn allows the 
amount of cooling air flow 46 used for the serpentine 
cooling flow 35 in the serpentine cooling circuit 36 to be 
reduced to onljLthat which is neecfed for accommodating 
the heal input loads In that region. In the way, the airfoil 10 
12 may be cooled In the axial or chordal directions of 
the airfoil using less total cooling airflow 45 where per- 
mitted without overcoming those regions as would occur 
in the prior art. The cooling air flow 45 Is therefore used 
more efficiently and less cooling air Is bled from the com- 
pressor for Increasing the overall efficiency o! operation 
of the gas turbine engine. 

[0023] The airfoil 1 2 may have any other conventional 
features for enhancing the cooling thereof such as ta- 
bulators or pins (not shown) which are weB known In the 
art. Thermal barrier coatings TBC, well known in the 
technology, may also be used to Improve thermal char- 
acteristics of the airfoil 12. 

[0024] Although the invention has been described 
with respoctto the exemplary turbine blade 1 0lllustrated & 
in the FIGS., it may also be used for turbine nozzle 
vanes which have similar alrfolle which can benefit from 
preferential spanwtee cooflng thereof for better match- 
ing the radial applied temperature distribution from the 
combustion gases 32. The aft flowing serpentine cooling do 
circuit 35 may be readily manufactured using conven- 
tional casting techniques as are used for conventional 
mufti-pass serpentine passages. 
[0025] For the sate of good o refer, various aspects of 
the invention are set out in the following clauses:- ss 

1. A gas turbine engine airfoil (12) comprising: 

an afrfoft outer wall (15) having width wise 
spaced apart pressure and suction side walls 40 
(13, 18) Joined together at chordally spaced 
apart leading and trailing edges (20, 22) of said 
ajrfojl(l2) and extending radially Trom a radiaBy 
inner base (26) to a radially outer airfoil tip (26), 
a plurality of radially extending Internal ribs (34) <s 
extending width wise between said pressure 
and suction side walls (16, 18); 
an internal single three pass serpentine cooling 
circuit (35) having radially extending first, sec- 
ond, and third serpentine channels (40, 41 , 42) so 
between, in axial fy aft succession, first, second, 
third, and fourth ribs (1 , 2, 3, 4) of said radiafty 
extending internal ribs (34); 
said first, second, and third serpentine chan- 
nels (40, 41 . 42) bounded by said first, seco nd, 55 
third, and fourth ribs (1 , 2, 3 : 4) of said plurality 
of radially extending internal ribs (34) and said 
pressure and suction side walls (16. 18); 
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said serpentine cooling circuit (38) including an 
entrance (37) and a terminal end (39) wherein 
said terminal end (3d) is positioned aft of said 
entrance (37) so as to have a chordal flow di- 
rection (43) aftwards from said leading edge 
(20) to said trailing edge (22) within said ser- 
pentine circuit; 

a straight through single pass leading edge 
cooling channel (70) located between said first 
rib (1), said leading edge (20), and said outer 
waH (15); and 

said first serpentine channel (40) and said lead- 
ing edge cooling channel (70) extending radial* 
ly through said the base (26). 

2. An airfoil (12) as in clause 1 further comprising: 

a trailing edge cooling plenum (72) located be- 
tween an aftwardmost one of said plurality of 
Internal transverse ribs (34) and said trailing 
edge (22), and said pressure and suction side 
walls (16, 18); 

a slraightthrough single pass trailing edge feed 
channel (49) located between said aftwardmost 
one of said internal transverse ribs (34) and 
said fourth rib (4) and extending radiaJJy 
through said base (26), 
cooling air discharge apertures (74) disposed 
in said aftwardmost one of said plurality of in* 
ternal transverse ribs (34), said discharge ap- 
ertures (74) disposed between said trailing 
edge feed channel (49) and said trailing edge 
cooling plenum (72). 

. 3. An airfoil (12) as In clause 2 further comprising a 
plurality of leading edge cooling apertures extend* 
ing out from said leacSng edge coofing channel (70) 
through said outer wall (1 5} and a plurality of tralfing 
edge cooling apertures extending out of said trailing 
edge cooling plenum (72) through said outer wall 
(1 5) at said trailing edge (22), 

4. An airfoil (12) as In clause 3 wherein said leading 
edge cooling apertures are gfil hofes (44) and said 
trailing edge cooling apertures are trailing edge film 
cooling holes (48). 

5. An airfoil (12) as in clause 4 further comprising a 
squealer tip having a squealer wall (29) extending 
radially outward from and peripherally around said 
outer tip wall (31) forming a squealer tip cavity 

therein. 

8. An airfoil (12) as in clause 5 further comprising 
at least one tip cooling hole (69) extending out from 
at least one of said impingement chambers through 
a radially outer tip wall (31) of said tp. 
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7. An airfofl (12) as In clause 6 further comprising a 
first plurality of side wall film cooling holes (48) lead- 
ing from at least one of said first, second, and third 
serpentine channels (40, 41 , 42). 

s 

8. A gad turbine engine blade (10) comprising: 

a hoBow airfoil (12) extending radially outwardly 
from a root (14); 

said airfoil (12) comprising; io 
an airfoil outer wall (15) having width wise 
spaced apart pressure and suction side walls 
(16, 18) joined together at chondally spaced 
apart leading and trailing edges (20, 22) of said 
airfoil (12) and extending radially from a radially is 
innerbase (26) to a radially outer airfoil tip (28), 
a plurality of radially extending Internal ribs (34) 
amending width wise between said pressure 
and suction side walls (16, 18); 
an internal single three pass serpentine cooling &> 
circuit (36) having radially extending first, sec- 
ond, and third serpentine channels (40, 41 , 42) 
between, irvaxfaily aft succession, first, sec- 
ond, third, and fourth rfbe (1 , 2, 3, 4) of said ra- 
dially extending internal ribs (34); 2S 
said first, second, and third serpentine chan- 
nels (40, 41 42) bounded by said first, second, 
third, and fourth ribs (1 , 2, 3, 4) of said plurality 
of radially extending Internal ribs (34) and said 
pressure and suction side walls (1 6, 1 8); 30 
said serpentine cooling circuit (36) including an 
entrance (37) and a terminal end (39) wherein 
said terminal end (39) is positioned aft of said 
entrance (37) so as to have a chorda) flow di- 
rection (43) aftwards from said leading edge 35 
(20) tb said trailing edge (22) within said ser- 
pentine circuit; 

a straight through single pass leading edge 
cooling channel (70) located between said first 
rib (1), said leading edge (20), and said outer 40 
wall (15); and 

said first serpentine channel (40)andsaid lead- 
ing edge cooling channel (70) extending radial- 
ly through said base (26) and root (1 4>. 

49 

9. A blade (1 0) as In clause 8 further comprising: 

a trailing edge cooling plenum (72) located be- 
tween an aftwardmost one of said plurality of 
internal transverse ribs (34) and said trailing so 
edge (22), and said pressure and suction side 
walls (16, 18); 

a straight through single pass trailing edge feed 
channel (49) located between said aftwardmost 
one of said internal transverse ribs (34) and ss 
said fourth rib (4) and extending radially 
through said base (26) and said root (14), 
cooling air discharge apertures (74) disposed 



in said aftwardmost one of said plurality of in- 
ternal transverse ribs (34), said discharge ap- 
ertures disposed between sard trailing edge 
feed channel (49) and said trailing edge cooling 
plenum (72). 

1 0. A blade (10) as in clause 9 further comprising a 
plurality of leading edge cooling apertures extend- 
ing out from said Isading edge cooling channel (70) 
through said outer wall ( 1 5) and a plurality of trailing 
edge cooling apertures exten ding out of said trailing 
edge cooling plenum (72) through said outer wall 
(15) at said trailing edge (22>. 

11 . Abiade (1 0) as in clause 1 0 wherein said leading 
edge cooling apertures are gill holes (44) and said 
trailing edge cooling apertures are trailing edgefBm 
oooflng holes (48). 

12. A blade (10) as In cfause 11 further comprising 
a squealer tip having a squealer waD (29) extending 
radlalfy outward from and peripherally around said 
outer tip wall (31) forming a squealer tip cavity 
therein. 

13. A blade (10) as in da use 12 further comprising 
at least one tip cooling hole (59) extending out from 
at least one of said Impingement chambers through 
a radially outer tip wan (31) of said Up. 

14. A blade (10) as in clause 13 further comprising 
a first plurality of side wall film cooling holes (48) 
leading from at least one of said first, second, and 
third serpentine channels (40, 41 , 42). 



Claims 

1. A gas turbine engine airfoil (12) comprising: 

an airfoil outer wail (16) having width wise 
spaced apart pressure and suction side waits 
(16, 1&) joined together at chordally spaced 
apart leading and traifing edges (20, 22) of said 
airfoil (12) and extending radlalfy from a radially 
Inner base (26) to a radially outer airfoil tip (28), 
a plurality oJ radially extending Internal ribs (34) 
extending width wise between said pressure 
and suction side waDs (1 6, 1 8); 
an internal single three pass serpentine cooling 
circuit (36) having radially extending first, sec- 
ond, and third serpentine channels (40, 41 , 42) 
between, in axially aft succession, first, second, 
third, and fourth ribs (1 , 2, 3, 4) of said radially 
extending internal ribs (34); 
said first, second, and third serpentina chan- 
nels (40, 41, 42) bounded by said first, second, 
third, and fourth rlbe (1 , 2. 3, 4) of said plurafty 
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of radially extending internal ribs (34) and said 
pressure and suction side watte (16. 18); 
said serpentine cooling circuit (36) including an 
entrance (37) and a terminal end (39) wherein 
said terminal end (39) is positioned aft of said 5 
entrance (37) so as to have a chordai flow di- 
rection (43) attwards from seJd leading edge 
(20) to said trailing edge (22) within said ser- 
pentine circuit 

a straight through single pass laadkig edge 10 
coofing channel (70) located between sard first 
rib (1), said leading edge (20), and said outer 
wall (15), and 

said first serpentine channel (40) and said lead- 
ing edge cooling channel (70) extending radial- is 
ty through said fhs base (26). 

An airfoiJ (12) as claimed In claim 1 further compris- 
ing: 

zo 

a trailing edge cooling plenum (72) located be- 
tween an aftwardmost one of sard plurality of 
internal transverse ribs (34) and said trailing 
edge (22), and said pressure and suction side 
walls (16, 18); 23 
a straight through single pass trailing edge feed 
channel (49) located between said aftwardmost 
one of said internal transverse ribs (34) and 
said fourth rib (4) and extending radially 
through said base (26), so 
cooling air discharge apertures (74> disposed 
in seJd aftwaromost one of said plurality of In- 
ternal transverse ribs (34), said discharge ap- 
ertures (74) disposed between said trailing 
edge feed channel (49) and said trailing edge ss 
cooling plenum (72). 



3. An airfoil (12) as claimed in claim 2 further compris- 
ing a pfuraffty of leading edge cooling apertures ex- 
tending out from said reading edge cooling channel 
(70) through said outer wail (15) and a plurality of 
trailing edge cooling apertures extending out of said 
trailing edge cooling plenum (72) through said outer 
wall (15) at said trailing edge (22). 

4. An airfoil (12) as claimed in claim 3 wherein said 
leading edge cooling apertures are gftJ holes (44) 
and said trailing edge cooling apertures are trailing 
edge film cooling holes (48). 

5. An airfoil (12) as claimed in claim 4 further compris- 
ing a squealer tip having a squealer wall (29) ex- 
tending radially outward from and peripherally 
around said outer tip wall (31) forming a squealer 
tip cavity therein. 

6. A gas turbine engineblade (10) comprising; 



7. 



40 



BO 



a hollow airfoil (12) extending radially outwardly 
from a root (14); 
said airfoil (12) comprising; 
an airfoil outer wall (15) having width wise 
spaced apart pressure and suction side walls 
(16, 18) joined together at chordaJly spaced 
apart leading and trailing edges (20. 22) of said 
airfoil (1 2) and extending radially from a racfially 
inner base (26) to a radlaJly outer airfoil tip (28), 
a plurality of radially extending internal ribs (34) 
extending width wise between said pressure 
and suction side walls (16, 18); 
an Internal single three pass serpentine cooling 
circuit (36) having radlaJly extending first, sec- 
ond, and third serpentine channels (40, 41 , 42) 
between , in axfaily aft succession, first, second, 
third, and fourth ribs (1 , 2, 3, 4) of said radially 
extending internal ribs (34); 
said first, second, and third serpentine chan- 
nels (40, 41 42) bounded by said first, second, 
third, and fourth ribs (1 , 2, 3, 4) of said plurality 
of radially extending internal rfrs (34) and said 
pressure and suction side walls (16, 1 8); 
said serpentine cooling circuit (36) including an 
entrance (37) and a terminal end (39) wherein 
said terminal end (3d) Is positioned aft of said 
entrance (37) so as to have a chordai flow di- 
rection (43) aftwards from said leading edge 
(20) to said tracing edge (22) within said ser- 
pentine circuit; 

a straight through single pass Jeatfng edge 
coofing channel (70) located between said first 
rib (1), said leading edge (20). and said outer 
wall (15); and 

said first serpentine channel (40) and said lead- 
ing edge cooling channel (70) extending radial- 
ly through said base (26) and root (14). 

A blade (10) as claimed in claim 6 further compris- 
ing: 

a trailing edge cooling plenum (72) located be- 
tween an aftwardmost one of said plurality of 
internal transverse rtos (34) and said trailing 
edge (22), and said pressure and suction side 
waifs (16. 18); 

a straight through single pass trailing edge feed 
channel (49) boated between said aftwardmost 
one of said internal transverse rfos (34) and 
said fourth rib (4) and extending radially 
through said base (26) and said root (14), 
cooling afr discharge apertures (74) disposed 
in said aftwardmost one of said plurality of in- 
ternal transverse ribs (34), said discharge ap- 
ertures disposed between said trailing edge 
feed channel (49) and said trading edge cooling 
planum (72). 
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8. A blade (10) as claimed In claim 7further compris- 
ing a plurality of leading edge cooling apertures ex- 
tending out from said leading edge cooling channel 
(70) through said outer wall (15) and a plurality of 
trailing edge cooling apertures extending out of said 3 
trafling edge cooling plenum (72) through said outer 
wall (1 5) at said trailing edge (22). 

9. A blade (1 0) as claimed In claim 8 wherein said 
leading edge cooling apertures are gill notes (44) io 
and said trailing edge cooling apertures are trailing 
edge fHm cooling holes (48). 

10. A blade (10) as claimed in claim 9 further compris- 
ing a squealer tip having a squealer wall (29) ox- is 
tending radially outward from and peripherally 
around said outer tip wall (31) forming a squealer 

tip cavity therein. 

20 
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